Beef cattle welfare assessment: use of resource and animal-based indicators, blood parameters and hair 20β-dihydrocortisol by Tarantola, M. et al.
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tjas20
Italian Journal of Animal Science
ISSN: (Print) 1828-051X (Online) Journal homepage: https://www.tandfonline.com/loi/tjas20
Beef cattle welfare assessment: use of resource
and animal-based indicators, blood parameters
and hair 20β-dihydrocortisol
Martina Tarantola, Ilaria Biasato, Elena Biasibetti, Davide Biagini, Pierluigi
Capra, Franco Guarda, Marta Leporati, Vanda Malfatto, Laura Cavallarin,
Barbara Miniscalco, Silvia Mioletti, Marco Vincenti, Alessandro Gastaldo &
Maria Teresa Capucchio
To cite this article: Martina Tarantola, Ilaria Biasato, Elena Biasibetti, Davide Biagini,
Pierluigi Capra, Franco Guarda, Marta Leporati, Vanda Malfatto, Laura Cavallarin, Barbara
Miniscalco, Silvia Mioletti, Marco Vincenti, Alessandro Gastaldo & Maria Teresa Capucchio
(2020) Beef cattle welfare assessment: use of resource and animal-based indicators, blood
parameters and hair 20β-dihydrocortisol, Italian Journal of Animal Science, 19:1, 341-350, DOI:
10.1080/1828051X.2020.1743783
To link to this article:  https://doi.org/10.1080/1828051X.2020.1743783
© 2020 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.
Published online: 30 Mar 2020.
Submit your article to this journal Article views: 100
View related articles View Crossmark data
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ABSTRACT
The present study aims to evaluate beef cattle welfare with an integrated approach as housing con-
ditions and management practices change and to investigate the relationship between the adopted
parameters and their applicability. A total of 15 Piemontese breed bulls reared in a tied stall hous-
ing system and 15 Piemontese, 15 Blonde d’Aquitaine and 15 cross-breed from Ireland reared in
group-pen were considered. A welfare protocol including a checklist and the ‘RIBECA’ scoring sys-
tem was prepared for the assessment of animal-based measures and resource-based measures.
Blood parameters and hair 20b-dihydrocortisol were also analysed. The animal-based score was not
significantly different among the farms, while the total welfare score was ‘poor’ for the animals in
the tied stall system, ‘fair’ for Piemontese cattle in the in pen and Irish cross-breed, and ‘very good’
for the Blonde d’Aquitaine cattle. Irish cross-breed were the most fearful, with the blood findings
also suggesting that these animals showed the worst adaptation, whereas Blonde d’Aquitaine cattle
were well adapted. Furthermore, 20b-dihydrocortisol was lower (p< .01) in Blonde d’Aquitaine cattle
when compared to Piemontese cattle tied and Irish cross-breed. The concordance between haema-
tochemical and hair 20b-dihydrocortisol findings observed in the present study suggests that
Blonde d’Aquitaine and Piemontese cattle reared in pens were less stressed during their livestock
life. Measurements of cortisol metabolites in the hair matrix seem to be a valid diagnostic tool for
monitoring animal exposure to situations capable of increasing cortisol levels over time.
HIGHLIGHTS
 Husbandry and management conditions could negatively affect animal welfare.
 The RIBECA protocol adopted identified some beef cattle welfare critical points.
 Checking of different blood parameters and hair cortisol metabolites may integrate wel-
fare assessment.
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Introduction
Husbandry and management conditions, along with the
farmer attitude towards his/her cattle herd, more or less
intensive feeding systems and rearing environment rep-
resent some of the factors that could negatively affect
animal welfare (Cozzi et al. 2009) and may produce
behavioural, biochemical, and endocrine modifications in
the animals.
Among farm animals, beef cattle may frequently
suffer from poor welfare due to their intensive rearing
systems adopted in many EU Countries. In April 2012,
EFSA published a Scientific Opinion about the welfare
of cattle kept in farming systems for beef production
(EFSA 2012). According to this opinion, major welfare
problems in cattle kept for beef production were
respiratory diseases linked to overstocking, inad-
equate ventilation, mixing of animals, digestive dis-
orders due to intensive concentrate feeding and
behavioural disorders resulting from inadequate floor
space, and co-mingling (mixing of animals from different
sources in the feedlot). However, no specific legislation
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referring to thewelfare of beef cattle older than six
months is currently available. For this reason, the devel-
opment of appropriate procedures to assess, monitor,
and improve beef cattle welfare still represents a crucial
issue. Formulate an appropriate and practicable animal
welfare assessment protocol requires the identification
and selection of suitable welfare measures for each
production system. On-farm animal welfare assess-
ments need to incorporate animal-based indicators, in
addition to the typical resources-based ones, because
animal welfare is multidimensional and as many differ-
ent components (Webster 2012). Different on farm
methods have previously been developed in Europe
(Bartussek et al. 2000; Botreau et al. 2007; Welfare
QualityVR 2009). In particular, the RIBECA protocol
(Gastaldo et al. 2013), which considers both animal-
and resources-based measures, and integrates the
constraints imposed by the existing laws with the rec-
ommendations of EFSA opinion, can perfectly fit
within this scenario.
The haematological blood indicators are the main
determinant of the animals’ environmental adaptation
and, in turn, their welfare (Anderson et al. 1999). To
monitor stress, specific haematological/serum parame-
ters like as/neutrophils/lymphocytes ratio, white blood
cells, markers of oxidative stress (d-ROMs) and hair corti-
sol and metabolites are commonly used (Moya et al.
2013; Starvaggi Cucuzza et al. 2014; Mirzad et al. 2018).
Adrenal hormones (cortisol and its metabolites -20b-
dihydrocortisol-) represent one of the most important
physiological parameters to measure the stress
response. In particular, hair cortisol analysis represents a
useful and complementary method for monitoring
stress, since it captures the systemic cortisol exposure
over longer periods of time (Russel et al. 2012).
Based on the above-reported background, the pre-
sent study aimed to (1) evaluate beef cattle welfare
using a multidisciplinary approach, (2) investigate the
relationship between the monitoring parameters, (3)
assess their applicability and (4) investigate the impact
on growth and slaughtering performance.
Materials and methods
Animals, rearing and feeding systems
The survey was performed in four intensive beef cattle
farms located in northern Italy (Piedmont region). The
study was carried out on 60 bulls homogeneously
spread in the selected farms. All the animals were
non-castrated males.
Farm A: 15 Piemontese breed calves, born in the
same farm and reared in multiple pens (8 animals/pen)
with straw bedded floor until 6months of age and 220-
250 kg of live weight (LW). After that, they were fat-
tened until 600-680 kg of LW in tied stall, the animals
were kept in two rows of single tie-stalls facing each
other (2.05m length by 1m width; 2.05m2 head1) and
divided by a feeding alley; they are tied by a chain fixed
to the head rail. Animals were accommodated on con-
crete solid floor bedded with cereal straw, renewed
twice a day. Fattening period feed was represented by
ground corn silage, corn meal, commercial feedstuff
and hay.
Farm B: 15 Piemontese breed calves bought at
80–180 kg of LW; the animals were reared in straw-
bedded pens (6.5 5m each) with lock-in stan-
chion until 650 kg of LW. Each pen housed 8 cattle
(4.1m2 head1) and the manger front was 5m length
(0.6m head1). The calves were housed on permanent
straw litter, added daily and renewed monthly. The
used diet was a total mixed ration (TMR) based on
ground corn silage, corn meal and commercial feed-
stuff plus beet molasses, wheat bran, cereal straw and
Italian ryegrass hay.
Farm C: 15 over six months old Blonde d’Aquitaine
calves bought from France at about 300–350 kg of LW.
These animals, after a quarantine period of at least
30 days, were reared in pens for group with concrete
floor and straw litter added daily. The pens were a
6 6m (4.5m2 head1), housing 8 cattle each; for
every pen cattle had 0.75m of manger front. The ani-
mals were fattened until 640–700 kg of LW. Fattening
period feed includes, in order of quantity, corn meal,
wheat straw, soybean meal, wheat bran, dried beet
pulp, sunflower meal solvent, beet molasses and
wheat meal. Starch sources were increased over
500 kg of LW. The diet was a TMR supplied ad libitum.
Farm D: 15 cattle imported from Ireland; they were
crossbreeds of several breeds such as Angus,
Limousine and Belgian Blue. The bulls were bought at
400–430 kg of LW and 11months of age. During an
initial quarantine and adaptation period of about
40 days, the animals were reared in pens (8 8m)
with 8–9 heads (7–8m2 head1), straw bedded floor
and free access to a paddock (about 9000m2; at least
150m2 head1) to reduce the transport and post-
transport stress conditions. After this period, the cattle
were reared in pens (6 7m; 5m2 head1 about;
0.8–0.9 m of manger front) with concrete floor and
straw litter added daily, each containing at most nine
animals. The animals were fattened until 700–750 kg
of LW. The diet was prepared using rationed flaked
corn, extruded soybean, wheat bran, mineral and
342 M. TARANTOLA ET AL.
vitamin supplementation and ad libitum wheat straw
or Italian ryegrass hay.
In each farm, feeds or TMR when adopted were
sampled to determine the proximate composition of
the diets. All samples were analysed in the laborato-
ries of the Department of Agriculture, Forestry and
Food Science of the University of Torino according to
AOAC International (2006). The proximate composition
was used to calculate the energy concentration of the
diets expressed as Meat Forage Unit (Meat FU; INRA
2007) (Table 1).
Welfare protocol
A welfare protocol including a checklist and the
‘RIBECA’ scoring system (formulated by the Research
Centre for Animal Production, Italy - CRPA, Gastaldo
et al. 2013) was prepared for the assessment of animal
– and resource-based measures (Welfare QualityVR
2009). This is an innovative system of animal welfare
assessment for beef fattening farms and predisposes a
specific farm checklist, the inclusion of the collected
data into a designed software, the automatic calcula-
tion of the obtained scores, the classification of the
farm based on a wellbeing rank (1¼ farm with poor
level of welfare to 6¼ farm with high level of welfare),
the identification of critical points and potential
improvement tools, and the assessment of their eco-
nomic applicability.
As resource indicators, farm dimensions, breeds
raised, density, access to pasture, pen features, man-
agement/housing systems (illumination, ventilation,
dustiness, frequency of animal checking, farmers’ num-
ber, farmers and educational levels) are considered.
The animal-based measures take into account mortal-
ity rate, BCS, integument alterations, lameness, ocular/
nasal discharge, diarrhoea, coughs, swollen rumen,
dehorning, temperament and human–animal relation-
ship (avoidance test). The average duration of the sur-
vey range from 90 to 180minutes based on the
number of buildings and animals present. A final score
and two partial scores, related to direct and indirect
measurements, is assigned to each farm. The total
score reached by each farm could be: bad, poor, suffi-
cient, fair, good and excellent.
In the present trial, the observations were per-
formed two times: 3weeks after the arrival of the ani-
mals at the fattening farm (T0) and after 5months (T1).
Haematological and biochemical parameters
Blood samples were collected from each animal via
caudal/jugular venipuncture for haematological and
biochemical investigations. Blood parameters were
analysed two times: at the beginning of the growing
period-T0 and at the end of the fattening cycle, after
5months -T1.
The following parameters were analysed: (1) haem-
atological (white blood cells [WBC], red blood cells
[RBC], haemoglobin [HGB], haematocrit [HCT] and neu-
trophils to lymphocytes ratio [N/L] using an auto-
mated haematology analyser [ADVIA 120, Siemens,
Munich, Germany]); (2) biochemical (total proteins,
albumin, creatin kinase [CK], creatinine, aspartate
transaminase [AST], lactate dehydrogenase [LDH], chol-
esterol, glucose and triglycerides) through an auto-
matic analyser [ILab Aries, Instrumentation Laboratory,
Werfen Company]. Reactive oxygen metabolites
(dROMs test, DIACRON INTERN. IT) were also evaluated
by spectrophotometric analysis according to the man-
ufacturer’s instructions. dROMs levels are expressed in
arbitrary units, namely Carratelli units (U.CARR). A sin-
gle U.CARR corresponds to 0.08 ng/100mL of H2O2.
Hair cortisol and metabolites
Nowadays, the most commonly employed method for
hormone hair determination in clinical applications is
immunoassays with chemiluminescence detection
(Kirschbaum et al. 2009) or enzyme-linked immunosorb-
ent assays (ELISA; Sauve et al. 2007; Thomson et al.
2009; Manenschijn et al. 2011; Manenschijn et al. 2012),
but all these methods were originally designed for the
measurement of salivary cortisol and not for the hair
matrix. Moreover, only the determination of cortisol is
possible with a salivary kit, not 20b-dihydrocortisol.
More recently, a high-performance liquid chromatog-
raphy (HPLC) method with fluorescence detection (Gao
et al. 2010) and LC-MS/MS method (Gao et al. 2013;
Noppe et al. 2015) were developed for a wide hor-
mones panel and applied on human hair. The LC-MS/
MS method used in the present study allows the simul-
taneous detection of cortisol and its metabolites
Table 1. Fattening diets composition as percentage of Dry
Matter and energy concentration.
Farm
DM
(%)
Ash
(% DM)
CP
(% DM)
EE
(% DM)
NDF
(% DM)
ADF
(% DM)
Energy
(Meat FU)
A 72.9 6.9 12.5 2.4 26.3 14.9 0.9
B 76.4 5.8 15.7 4.0 25.7 13.9 0.9
C 72.9 6.2 16.5 2.4 28.8 14.4 0.8
D 86.8 8.2 13.6 4.7 29.2 12.8 1.0
DM: Dry Matter; CP: Crude Protein; EE: Ether Extract; NDF: Neutral
Detergent Fibre; ADF: Acid Detergent Fibre; Meat FU: Meat Forage Unit.
Farm A: Piemontese breed bulls reared in tie stall housing system; Farm
B: Piemontese breed bulls reared in group-pen; Farm C: Blonde
d’Aquitaine breed bulls reared in group-pen; Farm D: Cross-breed (from
Ireland) reared in group-pen.
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cortisone and 20b-dihydrocortisol, whose detection lim-
its range from 0.1 ng/g (20b-dihydrocortisol) to 1 ng/g
(cortisol and cortisone). Hair aliquots of about 200mg
from the neck, tail and back were sampled at the end
of the fattening cycle, transferred into 30-mL glass
tubes and added with 3.0mL of dichloromethane to
remove the external contamination. After removal of
the organic solvent, the decontamination step was
repeated once more. The cleaned hair was dried under
a nitrogen stream and then cut into tiny fragments
with clean scissors. An aliquot of 100mg was exactly
weighted and added with the internal standards mix-
ture solution (cortisol d2 and cortisone d2). Sample
extraction was carried out by the addition of 1mL of
methanol and incubation at 55 C for 15h. Finally, the
organic phase was collected and evaporated to dryness
under a gentle stream of nitrogen and mild heating
(25 C) using a Techne Sample Concentrator (Barloworld
Scientific, Stone, UK). The residue was dissolved in
100lL of MeOH, transferred into a vial, centrifuged at
4000 for 10min. Furthermore, 20lL of the solution was
injected into the LC–MS/MS system. The chromato-
graphic separation was performed on an Agilent 1100
series liquid chromatograph (Agilent Technologies, Palo
Alto, CA, USA) interfaced with a triple an Applied
Biosystems API 4000 triple-quadrupole mass spectrom-
eter (Applied Biosystems Sciex, Ontario, Canada), operat-
ing in atmospheric pressure chemical ionisation positive
ion mode. Ion acquisition was operated at unit mass
resolution in the selected reaction monitoring (SRM)
mode, using for each analyte three transitions from
the protonated molecular ion to specific fragment ions.
The chromatographic run was carried out by a binary
mobile phase of water and acetonitrile, using a gradient
programme, on a Merck LiChroCART – C18 (5mm)
150mm  4.6mm column.
Live and slaughtering performance
Initial, at the arrival of the calves at the fattening farm
(IW), and slaughtering live weight (SW), initial (IA) and
slaughtering age (SA), feed consumption (FC), average
daily gain (ADG), feed conversion rate (FCR), carcase
weight (CW) and dressing percentage (DP) were
recorded or calculated for each group of animals.
Statistical analysis
The statistical analysis was performed using IBM SPSS
Statistics V20.0.0 software. The animal was considered
as an experimental unit. Shapiro–Wilk’s test was used
to establish normality or non-normality of data distribu-
tion. The haematochemical parameters and dROMs
data were tested by means of ANCOVA, considering
the farm as fixed factor and the animal age as covari-
ate. Kruskal–Wallis test was used to compare the 20b-
dihydrocortisol data among the animal groups. p values
<.05 were considered statistically significant. Data were
expressed as estimated marginal means (adjusted for
the animal age) and standard error of the mean (SEM).
Results
Welfare evaluation
The results of the welfare evaluation are shown in
Figure 1. The management score, which is related to
Figure 1. RIBECA scoring system in the four farms. A: Piemontese breed bulls reared in tie stall housing system; B: Piemontese
breed bulls reared in group-pen; C: Blonde d’Aquitaine breed bulls reared in group-pen; D: Cross-breed (from Ireland) reared in
group-pen.
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the hygiene-sanitary aspects, showed no substantial
differences between the four farms. The livestock
buildings score, which is referred to the characteristics
of the shelters and the environmental control, differed
between the farms, since Farm A and D showed the
lowest scores and Farm C and B the highest ones. The
housing system score, which is related to the breeding
method, showed that Farm A (animals tied and lack of
space of the single tie-stalls) had the lowest score,
while lower values were observed in Farm D when
compared to Farm B and C. All the farms showed
clean facilities. The total resource-based measures
score of Farm C was significantly higher when com-
pared to the others, whereas the lowest score was
observed in Farm A. The two other farms had similar
scores. The total welfare score was ‘sufficient’ for farm
A, ‘fair’ for farms B and D, and ‘good’ for farm C.
The animals of Farm A were clean, quiet and did
not retreat when interacting with the detector. No
particular health problems were observed. The ani-
mals of Farm B were homogeneous in relation to
sex and age, clean, fairly quiet and did not retreat
when interacting with the detector. No significant
health issues were identified. Blonde d’Aquitaine
animals of Farm C were the most hyperactive. More
mounting and fighting were detected in pens when
compared to the other farms. The animals of the
Farm D were very scared and unapproachable. Main
critical animal-based measures are summarised in
Table 2.
Haematological and biochemical parameters
Table 3 summarises the significant haematological and
biochemical parameters of the animals from the four
farms. All the findings fell within the physiological
range reported for the bovine species. To give an
overall view about the most relevant findings, the
dROMs were lower in Farm C animals than the other
farms (p< .001). Farm D cattle showed higher WBC
and neutrophils than the other groups (p< .001).
Furthermore, animals from Farms A and D displayed
lower glucose and cholesterol when compared to
Farms B and C (p< .001). Farm A cattle also showed
lower RBC, HGB, HCT and albumin, as well as higher
eosinophils, in comparison with the other groups
(p< .001). By comparing Farm A and Farm B, the tied
animals showed higher WBC concentration and lower
concentration of glucose, cholesterol, LDH, albumin,
total protein, and creatinine kinase.
The higher sensitivity observed for 20b-dihydro-
cortisol partly explains its adoption as a biomarker
for monitoring chronic stress, in substitution of corti-
sol The lower concentration of the latter with respect
to 20b-dihydrocortisol can also be justified by the
occurrence of a dissimilar incorporation mechanism
into the keratin matrix, because of their different
hydrophilicity. The 20b-diidrocortisol was lower
(p< .01) in Farm C animals when compared to Farm
A and D (Figure 2).
Feed, live and slaughtering performance
As previously reported, the calves of the farm A were
born and fattened in the same farm and clearly their IA
was 0 d. The calves of the others herds were introduced
in the fattening farms at (IA± standard deviation)
63.6±35.5, 238.2 ±30.3 and 354.3±39.8 d of age for
the farms B, C and D, respectively. Therefore, with the
exception of the calves of farm A, at the reported age
the animals had to be transported to reach the fatten-
ing farms. The distance approximately travelled by the
animals was 50, 1000 and >1500 km for the farms B, C
and D, respectively. At the beginning of the study, the
recorded IW was 43.0±2.1, 97.2±30.8, 362.1±36.7 and
429.8±31.8 kg for the farm A, B, C and D, respectively.
The SW was 604.6 ±71.5, 647.0 ±47.2, 695.0±43.1 and
729.0±72.5 kg and the SA was 456.1±32.1, 537.7 ±40.4,
428.3±28.5 and 545.6±40.1 d for the farm A, B, C and
D, respectively. Consequently, for the same farms the
rearing period was 456.1±32.1, 487.8 ±47.7, 220.7 ±7.6
and 199.0±0.0 d long respectively. Based on the
Table 2. Main critical animal based measures of the beef cattle from the four farms.
Farm A:
Piemontese tied
Farm B:
Piemontese group – pen
Farm C:
Blonde d’Aquitaine
Farm D:
Cattle crossbreeds
Ocular discharge (% of animals) 19% 13% 7% 17%
Coughing (% of animals) 6% 6% 7% 9%
Nasal discharge (% of animals) – – – 4%
Injuries – – 3 –
Avoidance testa <50 cm <50 cm <50 cm >100 cm
Temperament Normal Hyperactive Hyperactive Frightened
aAvoidance test.
The operator took up a position at a distance of 3m from the feed bunk and started to approach the animal from the front when the animal observed
him. The operator approached the animal at a speed of 50–60cm (one step) per second with his arm raised, forming a 45◦ angle from the body, finger-
tips directed to the ground and the back of the hand towards the animal. When the animal turned his head by 90◦ or stepped back, the distance
between the hand of the experimenter and the nose of the animal was measured.
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recorded live performance, the calculated ADG was
1.2±0.2, 1.1±0.1, 1.5±0.2 and 1.5 ±0.4 kg d1 for the
farm A, B, C and D, respectively.
The diet composition for the fattening period of
the selected farms, referring to the DM content, is
shown in Table 1. The average feed consumptions,
recorded for the fattening period and per group of
animals, were 8.8, 8.1, 7.7 and 9.7 kg DM d1 for the
farm A, B, C, and D respectively. For the same farms,
the calculated FCR was 7.3 ± 1.0, 7.1 ± 0.9, 5.4 ± 0.9 and
7.2 ± 2.6 kg kg1 respectively.
The slaughtering performances showed a CW of
411.4±51.8, 424.4±31.0, 467.1±29.3 and 477.2±47.5 kg
and a hot DP of 68.0 ±1.4, 65.6±1.5, 65.5±0.6 and
67.2±0.5% for the farm A, B, C and D, respectively.
Discussion
Different methods have been used till now to measure
animal welfare. Animal welfare assessment must be
reasonably free of observer bias, should highlight wel-
fare issues and identify critical points in farm manage-
ment that contribute to such problems. The RIBECA
protocol herein adopted is based on both animal- and
resource-based measurements (Gastaldo and Borciani
2014). A limit on farm welfare assessment protocols is
Table 3. Haematological and biochemical parameters of the beef cattle from the four farms.
Farm A:
Piemontese tied
Farm B:
Piemontese pen
Farm C:
Blonde d’aquitaine
Farm D:
cattle crossbreeds p-value
dROMs
UCARR
76.79 ± 5.39a 57.42 ± 5.60b 37.14 ± 5.85c 69.76 ± 5.84ab <.001
WBC
x103 cells/uL
7.98 ± 0.37a 6.53 ± 0.38b 9.15 ± 0.41c 10.33 ± 0.41d <.001
%NEU 31.24 ± 1.76a 36.64 ± 1.83b 29.51 ± 1.95a 42.06 ± 1.94c <.001
%LYM 58.47 ± 1.68ab 54.08 ± 1.75bc 62.90 ± 1.86a 50.83 ± 1.86c <.001
%MONO 3.81 ± 0.35 4.30 ± 0.36 5.07 ± 0.38 4.36 ± 0.38 .125
%EOS 5.08 ± 0.46a 3.55 ± 0.47b 1.85 ± 0.50c 1.74 ± 0.50c <.001
%BASO 1.05 ± 0.07 0.92 ± 0.07 1.02 ± 0.08 1.06 ± 0.08 .520
NEUT
x103 cells/uL
2.57 ± 0.25c 2.36 ± 0.26c 2.76 ± 0.28bc 4.42 ± 0.28a <.001
LYM
x103 cells/uL
4.59 ± 0.21b 3.56 ± 0.21c 5.64 ± 0.23ab 5.15 ± 0.23a <.001
N/L RATIO 0.57 ± 0.06bc 0.72 ± 0.06b 0.52 ± 0.07c 0.96 ± 0.07a <.001
MONO
x103 cells/uL
0.29 ± 0.03b 0.27 ± 0.03b 0.47 ± 0.04a 0.44 ± 0.04a <.001
EOS
x103 cells/uL
0.41 ± 0.04a 0.24 ± 0.04b 0.15 ± 0.04b 0.17 ± 0.04b <.001
BASO
x103 cells/uL
0.09 ± 0.01ab 0.06 ± 0.01b 0.10 ± 0.01ab 0.11 ± 0.01a .002
RBC
x106 cells/uL
7.81 ± 0.22c 8.99 ± 0.23b 9.77 ± 0.24a 8.58 ± 0.24b <.001
HGB
g/dL
11.46 ± 1.07c 14.45 ± 1.63a 12.72 ± 1.01b 13.02 ± 2.12b <.001
HCT
%
29.92 ± 0.58c 36.50 ± 0.60a 34.30 ± 0.64b 33.68 ± 0.64b <.001
PLT
x103 cells/uL
297.54 ± 23.82b 360.00 ± 24.30ab 426.69 ± 25.92a 334.19 ± 27.66b .004
ALBUMIN
g/dL
3.39 ± 0.05c 3.66 ± 0.05ab 3.75 ± 0.05a 3.59 ± 0.05b <.001
AST
IU
111.88 ± 5.07 102.33 ± 5.26 99.74 ± 5.60 110.74 ± 5.59 .291
CHOLESTEROL
mg/dL
95.03 ± 3.53c 165.80 ± 3.71a 118.64 ± 4.03b 92.24 ± 3.94c <.001
CK
mg/dL
506.75 ± 111.87 530.66 ± 117.75 588.49 ± 127.84 612.36 ± 124.93 .918
CREATININE
mg/dL
2.16 ± 0.08b 2.66 ± 0.08a 2.01 ± 0.09bc 1.90 ± 0.09c <.001
GLUCOSE
mg/dL
82.43 ± 5.17c 149.99 ± 5.44a 106.85 ± 5.91b 88.58 ± 5.77c <.001
LDH
IU
3293.17 ± 158.13b 3878.01 ± 166.45a 3621.62 ± 180.70ab 3197.14 ± 176.60b .020
TP
g/dL
6.47 ± 0.08a 6.86 ± 0.08b 6.62 ± 0.09a 7.06 ± 0.09b <.001
TG
mg/dL
13.56 ± 0.86b 9.74 ± 0.90a 16.53 ± 0.98c 13.88 ± 0.96bc <.001
WBC: White Blood Cells; LYM: Lymphocytes; MONO: Monocytes; NEU: Neutrophils; EOS: Eosinophils; BASO: Basophils; RBC: Red Blood Cells; HCT:
Haematocrit; HGB: Haemoglobin; PLT: Platelets; AST: Aspartate aminotransferase; CK: Creatine kinase; TP: Total Proteins; TG: Triglycerides; ns: not-signifi-
cant. Means with superscript letters (a, b, c) denote significant differences among the farms.
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to describe a current situation; for this reason, the wel-
fare evaluation should include different approaches.
In the present research, the RIBECA protocol identi-
fied the critical points, the non-compliances and the
potential improvement tools in regards to the facilities
or management practices.
In the present study, the farm where the
Piemontese beef cattle were tied (farm A) received the
poorest total welfare score by RIBECA protocol, not
because of the animal-based measures but how they
were kept. The animal-based score was not signifi-
cantly different among the farms since the animal
health status was mediocre in all the farms and sev-
eral animals showed ocular or nasal discharge and
coughing. Keeping cattle in tie stall housing systems,
as traditionally are the Piemontese breed cattle, con-
tradicts the Council Directive 98/58/EC, since tie-stalls
do not provide ‘freedom from discomfort by an appro-
priate environment’ nor ‘freedom to express normal
behaviour by sufficient space’ nor ‘conditions and
treatments which avoid mental suffering’ (Mattiello
et al. 2005; Popescu et al. 2013). Solitary housing con-
ditions are known to be psychological stressors for
cattle (Rushen et al. 1999), and restricted space allow-
ances may also increase acute plasma cortisol concen-
trations in bulls (Gupta et al. 2007). Previous studies
reported that regular outdoor exercise, along with
space allowance and pen design, have positive effects
on fattening cattle health and welfare (SCAHAW 2001).
Cozzi et al. (2009) previously underlined that housing
in groups led to better welfare than the tied stall sys-
tem, since it allowed animal locomotion and social
behaviours. On the contrary, the space allowances
were guaranteed for each farm rearing animals in
group-pen, respecting the values suggested by Cozzi
et al (2009).
The assessment of blood parameters can be a reli-
able tool to integrate these measurements. Therefore, in
the current study, multiple measures of metabolism,
inflammation, and steroid hormones were investigated.
Different physiological parameters are used as
stress indicators in cattle such as the haematological
profile, salivary cortisol (Negrao et al. 2004), acute-
phase proteins (Alsemgeest et al. 1995; Lomborg et al.
2008; Valle et al. 2015) and d-ROMs. All these parame-
ters are generally used for monitoring stress in both
acute and chronic situations. In particular, d-ROMs test
is used to assess the oxidative stress status and it is
considered the ‘gold standard’ for evaluating free rad-
ical levels in vivo (Iamele et al. 2002). This assay meas-
ures the metabolites deriving from the reaction of free
radicals with macromolecules present in the organism.
These metabolites are more easy to quantify, due to
the greater stability compared to the starting com-
pounds (Wakabayashi et al. 2014). Markers of oxidative
status are important because of their role in the path-
ways linking oxidation to pathological processes. The
measure of d-ROMs, as a parameter for the assessment
of animal welfare, is a motivated choice because any
alterations in the value of d-ROMs is related to altera-
tions in the immune response (Broom 1997; Vider
et al. 2001) and to endocrine, metabolic and product-
ive changes (Zecconi et al. 2003). The level of oxida-
tive stress, assessed in several studies involving dairy
cows, appears to be conditioned by individual predis-
position, type of breeding and composition of the
ration (Gabryszuk et al. 2013). Lower d-ROMs levels
were detected in Blonde d’Aquitaine (Farm C) when
compared to the other animals. On the contrary, tied
Piemontese animals (Farm A) showed higher levels
than the others. In the current study, tied Piemontese
cattle also displayed significant alterations of protein
metabolism as demonstrated by the significant
changes in the plasma concentrations of albumin,
total protein, and creatinine kinase when compared to
the pen-reared animals.
Haematological variations in the populations of
WBC (lymphocytes and neutrophils) in response to
stressors have been measured in previous studies
related to the immune system function as a modulator
of the susceptibility to infections in bovine species
(Burton et al. 2005). Neutrophils/heterophils are the
primary phagocytic leukocytes and their number
increase in response to infections, inflammation and
Figure 2. 20b-dihydrocortisol concentration in the four farms.
Box plots with different superscript letters (a, b) differ signifi-
cantly (p< 0.05). Farm A: Piemontese breed bulls reared in tie
stall housing system; Farm B: Piemontese breed bulls reared in
group-pen; Farm C: Blonde d’Aquitaine breed bulls reared
in group-pen; Farm D: Cross-breed (from Ireland) reared in
group-pen.
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stress (Jain 1993). Calamari et al. (2004) also demon-
strated that an N/L ratio greater than 1 can be consid-
ered a stress indicator. In the present study,
crossbreed cattle showed the worst adaptability in
terms of increased values of WBC, neutrophils and N/L
ratio, along with higher total protein and lower cre-
atinine than the other groups. On the contrary, Blonde
d’Aquitaine cattle showed the best adaptability in
terms of decreased N/L ratio and total protein values.
Within the two groups of Piemontese cattle, the tied
animals showed higher WBC, LYM, EOS, albumin and
TG values than the pen-reared ones.
Another key parameter for stress evaluation is rep-
resented by the increase in plasma cortisol. However,
the wide variability of serum cortisol concentrations
due to circadian rhythms and handling made the
development of other methods for detecting glucocor-
ticoids metabolites excreted necessary. Measurements
of faecal or salivary glucocorticoids metabolites are
considered reliable and useful indicators of acute
adrenal activity in cattle (Negrao et al. 2004; Comin
et al. 2013). However, they are more indicative of
acute stress rather than chronic. Hair cortisol analysis
represents, instead, a useful and complementary
method for monitoring stress, since it captures the
systemic cortisol exposure over longer periods of time
(Russel et al. 2012). Moreover, its detection offers sev-
eral advantages, it is a non-invasive sampling and it is
a procedure that causes very little disturbance to the
animals (Gonzalez-de-la-Vara et al. 2011). Differently,
saliva, urine and blood sampling may modify cortisol
endogenous production. Hair corticosteroid determin-
ation also reduces the influence of restraint and han-
dling practices, thus reflecting the trend of long-term
cortisol levels. Furthermore, it is not influenced by the
circadian rhythm characterising the hormone secretion
(Cristino et al. 2003; Moya et al. 2013; Novak et al.
2013). Finally, hair samples can easily and effectively
be preserved. Considering all the above mentioned
reasons, this alternative matrix may preserve the full
exposure history of the animals and, due to its bio-
accumulation, may allow a prolonged detectability of
any exposure substances (Nielen et al. 2003). Hair sam-
ples analysis also reveals extremely low concentrations
of cortisol, but significantly higher concentrations of
its main direct metabolite, namely 20b-dihydrocortisol.
Indeed, the excellent sensitivity of the analytical
method towards 20b-dihydrocortisol made the latter a
promising surrogate analyte of cortisol to measure
stress. From an analytical point of view, the hyphen-
ation of chromatographic and mass spectrometric
instrumentation allow highly sensitive and simultan-
eous detection of cortisol and its metabolites.
With regards to tied Piemontese animals, the identi-
fication of higher 20b-dihydrocortisol values may sug-
gest a potential effect of the housing system, as
previously reported by Starvaggi Cucuzza (2014).
Tarantola et al. (2016), in the assessment of welfare of
cows moving from a tied stall housing system to a
free housing system, also observed that salivary corti-
sol levels were higher before the housing change,
thus supporting the hypothesis that a tied stall hous-
ing system is a remarkable stress factor in adult cattle.
The concordance between haematochemical (blood
tests and d-ROMs) and hair 20b-dihydrocortisol find-
ings observed in the present study suggests that
Blonde d’Aquitaine and Piemontese cattle reared in
pens were less stressed during their livestock life,
while the crossbreed and the Piemontese cattle reared
in a tied stall housing system were more stressed as a
consequence of housing and management conditions.
The crossbreed were bought at 11months, thus mak-
ing the impact and adaptation to new breeding condi-
tions more difficult. This assumption is sustained by
the avoidance test, where the animals that are the
most fearful of humans keep the greatest distance
from them. Differently, animals which are the most
confident might approach themselves, or allow a
human to approach (de Passille and Rushen 2005). In
the present study, all these animals came from exten-
sive farming and once locked up in a pen they
became fearful and showed more avoidance than the
others animals when a human approached them and
tried to touch their head in the home pen. This result
is also consistent with that derived from the total wel-
fare score, which was ‘poor’ for tied stall housing sys-
tem, ‘fair’ for Piemontese and crossbreed farms, and
‘very good’ for Blonde d’Aquitaine farm.
The excesses of dietary energy and protein concen-
tration often occur in the beef cattle rearing and may
represents an important stress factor. The differences
recorded among the diets of the four farms and the
different breed characteristics and nutritional require-
ments affected the recorded live performance, as ADG
(ranged between 1.1 and 1.5 kg d1) and FCR (ranged
between 5.4 and 7.3 kg kg1). In particular, the diet of
the Farm D showed the highest energy concentration
due to the high fat content, whereas the highest pro-
tein concentration was observed in the diet of the
Farm C. The high level of readily fermentable organic
matter was compensated with a satisfactory content
of long fibre roughage. Indeed, wheat straw or other
long fibre roughages were included in the diets of the
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selected farms. Despite the evidenced levels of energy
and proteins, the diet seems well balanced and no
metabolic problems were recorded. On the contrary,
the slaughtering performance, particularly the dressing
percentage could be mainly affected by the genetic
characteristics of the animals, such as the presence of
the hypertrophic character. This character was present
in the selected tied Piemontese calves that showed
the higher dressing percentage, less present in the
less or no selected animals of the Farm B and D (this
last containing also Belgian Blue crossbreds) and
absent in the calves of the Farm C.
Conclusions
It is difficult to assess animal welfare due to the
remarkable number of incomparable indicators. Only
a global approach may help researchers and veteri-
narians to establish a proper assessment of beef cat-
tle welfare. The results obtained in the present study
suggest that the parallel use of both animal-based –
integrated with the blood analyses – and resource-
based measures appears to be preferable for beef
cattle welfare assessment. Finally, measurement of
20b-dihydrocortisol in the hair matrix seems to be a
valid diagnostic tool for monitoring the animal
exposure to chronic stress.
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